












































 ,VL GDUL VNULSVL \DQJ VD\D WXOLV GDQ VD\D EXDW DGDODK
EHQDUEHQDU NDU\D VD\D VHQGLUL GDQ WLGDN PHQMLSODN NDU\D
RUDQJ ODLQ VHODLQ QDPDQDPD \DQJ WHUPDNWXE GL LVL GDQ
WHUWXOLVGLGDIWDUSXVWDNDGDODPVNULSVLLQL
 $SDELOD GL NHPXGLDQ KDUL WHUQ\DWD VNULSVL \DQJ VD\D WXOLV











0HPSUHGLNVL QLODL DQRPDOL VXKX SHUPXNDDQ ODXW 667 GL ZLOD\DK
1LQRWHODKGLODNXNDQROHKEHUEDJDL LQVWLWXVLNDUHQDIHQRPHQD(O1LxR
6RXWKHUQ 2VFLOODWLRQ (162 \DQJ WHUMDGL SDGD DUHD WHUVVHEXW
PHQFLSWDNDQ GDPSDNEHVDU SDGD NHFHSDWDQ GDQ NHNXDWDQ DUXV ODXW
NHVHKDWDQ SHULNDQDQ SHVLVLU GDQ FXDFD ORNDO GDUL $XVWUDOLD NH
$PHULND 6HODWDQ GDQ VHNLWDUQ\D 3HUXEDKDQ QLODL DQRPDOL 63/ GL
ZLOD\DK1LQRPHQ\HEDENDQ KDPSLUVHWHQJDKGDULIHQRPHQDWHUVHEXW
'DODP SHQHOLWLDQ LQL SHQXOLV PHQJXVXONDQ XQWXN PHQJJXQDNDQ




JDWH NH YDQLOOD511XQWXNPHQFHJDKPDVDODK YDQLVKLQJ JUDGLHQW
/670 PHPLOLNLNHPDPSXDQ\DQJNXDWXQWXNPHPRGHONDQKXEXQJDQ
WHPSRUDOGDWDGHUHWZDNWXGDQGDSDWPHQDQJDQLPDVDODK ORQJ WHUP
GHSHQGHQFLHV 'DODP DUVLWHNWXU 0RGHO 511/670 LQL
PHQJJXQDNDQ  KLGGHQ OD\HU /670 \DQJ WHUGLUL GDUL  /670
1HXURQ GL VHWLDS ODSLVDQQ\D 7DQK GLJXQDNDQ VHEDJDL $FWLYDWLRQ
IXQFWLRQ0HDQ6TXDUH(UURUGLJXQDNDQVHEDJDL/RVV)XQFWLRQ$GDP
GDQ $GDJUDG 2SWLPL]HU GLJXQDNDQ VHEDJDL RSWLPLVDVL 5LVHW LQL


























/670 WR SUHGLFW IXWXUH DQRPDO\ 667 YDOXH LQ 1LQR UHJLRQ
VSHFLILFDOO\1LQR/670LVDPRUHDGYDQFH YHUVLRQRIUHFXUUHQW
QHXUDOQHWZRUNZKLFKLQWURGXFHV IRUJHW JDWHPHFKDQLVP LQWR YDQLOOD
511 WR SUHYHQW WKH YDQLVKLQJ JUDGLHQWSUREOHP,WKDVVWURQJDELOLW\
WRPRGHOWKHWHPSRUDOUHODWLRQVKLSRIWLPHVHULHVGDWDDQGFDQKDQGOH
WKH ORQJWHUP GHSHQGHQF\ SUREOHP ,Q WKH DUFKLWHFWXUH WKLV 511
/6700RGHOXVHG+LGGHQ/D\HU/670FRQVLVWLQJRI  /670
1HXURQVLQHDFKOD\HU7DQKZDVXVHGDVWKH DFWLYDWLRQIXQFWLRQ0HDQ
6TXDUH (UURU ZDV XVHG DV WKH ORVV IXQFWLRQ $GDP DQG $GDJUDG
2SWLPL]HU ZDV XVHG DV WKH RSWLPL]DWLRQ 7KLV SURMHFW H[SORUH WKH
RSWLPDOVHWWLQJRIWKLVDUFKLWHFWXUHE\H[SHULPHQWVDQGUHSRUWWKHURRW
PHDQ VTXDUH HUURU RI1LQR  UHJLRQ E\ FRPSDUHGZLWK LWV DFWXDO
YDOXHWRFRQ¿UPWKHHIIHFWLYHQHVVRIWKHSURSRVHGPHWKRG






%LVPLOODKLUDKPDQLUUDKLP $OKDPGXOLOODKL UREELO µDODPLQ
6HJDOD SXML GDQ V\XNXU NHSDGD$OODK6XEKDQDKXZD7D¶DOD7XKDQ
VHPHVWD DODP \DQJ WHODK PHQFXUDKNDQ NDUXQLD GDQ KLGD\DK1\D




$JXV1DED 66L07 VHODNX GRVHQ SHPELPELQJ , GDQ 'UUHUQDW
$EGXUUR¶XI 66L 06L VHODNX GRVHQ SHPELPELQJ ,, \DQJ WHODK
PHPEHULNDQSHQJDUDKDQVHUWDPDVXNDQGDODPSHQ\XVXQDQVNULSVLLQL
VWDII EDJLDQ DQDOLVD %0.*6WDVLXQ.OLPDWRORJL.DUDQJSORVR.DE
0DODQJ\DQJWHODKPHPEDQWXPHQJDUDKNDQGDODPDQDOLVD SHQHOLWLDQ
LQL VHUWDWHPDQWHPDQVHNDOLDQ\DQJWHODKPHPEDQWXSHQXOLVVHODPD
SURVHV SHQ\HOHVDLDQ VNULSVL LQL EDLN VHFDUD PRULO DWDXSXQ PDWHULO
VHKLQJJD VNULSVL \DQJ EHUMXGXO ³35(',.6, 1,/$, $120$/,
68+8 3(508.$$1 /$87 3$'$ $5($ 1,12 




















































































*DPEDU   8QLW OD\HU 511/670 LQSXW KLGGHQVHO PHPRUL
RXWSXW 
*DPEDU,QVWDOO5VWXGLR,'(««««««««««««««








VHEDQ\DN  WDKXQ PHQJJXQDNDQ IXQJVL RSWLPDVL
$GDJUDGVHEHOXPGLPDMXNDQEXODQ 
*DPEDU*UDILNSUHGLNVLDQRPDOL63/WDKXQGHQJDQLQSXW




*DPEDU3ORW506(SDGD WLJDPRGHO WHUEDLNXQWXN WDKXQ\DQJ
EHUEHGDEHGD 
[YLL
*DPEDU   *UDILN SUHGLNVL DQRPDOL 63/ SDGD NRQGLVL (O 1LQR
HNVWULPWDKXQPHQJJXQDNDQPRGHOGHQJDQ
IXQJVLRSWLPDVL$GDP 
*DPEDU   *UDILN SUHGLNVL DQRPDOL 63/ SDGD NRQGLVL /D 1LQD
HNVWULP WDKXQ PHQJJXQDNDQPRGHO GHQJDQ
IXQJVLRSWLPDVL$GDP 
*DPEDU   *UDILN SUHGLNVL DQRPDOL 63/ SDGD NRQGLVL (O 1LQR
HNVWULPWDKXQPHQJJXQDNDQPRGHOGHQJDQ
IXQJVLRSWLPDVL$GDJUDG 
*DPEDU   *UDILN SUHGLNVL DQRPDOL 63/ SDGD NRQGLVL /D 1LQD





























































*DPEDU $  3UHGLNVL$SULO  'HVHPEHU  GHQJDQ LQSXW 
WDKXQ$GDP 






































































7DEHO  0RGHO GHQJDQ SHUIRUPD WHUEDLN SUHGLNVL RXWSXW GHQJDQ
WDKXQEHUEHGDPHQJJXQDNDQIXQJVLRSWLPDVL$GDP 
7DEHO  0RGHO GHQJDQ SHUIRUPD WHUEDLN SUHGLNVL RXWSXW GHQJDQ
WDKXQEHUEHGDPHQJJXQDNDQIXQJVLRSWLPDVL$GDJUDG 
7DEHO   0RGHO GHQJDQ SHUIRUPD WHUEDLN SUHGLNVL RXWSXW SDGD
NRQGLVLHNVWULPPHQJJXQDNDQIXQJVLRSWLPDVL$GDP 














0HQ\HOLPXWL  GDUL SHUPXNDDQ %XPL NHEHUDGDDQ ODXW
PHPEHULNDQGDPSDNEHVDUEDLNGDULVHJLVRVLDODWDXSXQOLQJNXQJDQ
.LWD EHUJDQWXQJSDGD ODXWXQWXN EDQ\DNKDO EDLN GDODP NHEXWXKDQ
SDQJDQ WUDQVSRUWDVL ODXW UHNUHDVLPLQHUDO GDQ HQHUJL.HWLND DUXV
ODXWDQ EHUXEDK PHUHND DNDQ PHQ\HEDENDQ SHUXEDKDQ SROD FXDFD
VHFDUD JOREDO GDQ GDSDW PHPEHUL GDPSDN NHNHULQJDQ NHEDQMLUDQ
KLQJJD EDGDL VHNDOLSXQ0HVNLGHPLNLDQ LQIRUPDVLNLWDDNDQODXWDQ
PDVLK WHUEDWDV *UHHO\.DSDO JDULVSDQWDL GDQSXODXSXODX
PHQ\HGLDNDQVDPSHOREVHUYDVLXQWXNVWXGLSHPEHODMDUDQDNDQWHWDSL
LWXSXQ KDQ\D EDJLDQ NHFLO GDUL OXDVQ\D SHUPXNDDQ ODXW GL %XPL
'LEXWXKNDQ WHPSDW \DQJ GDSDW PHPEHULNDQ FDNXSDQ OHELK EDLN
WHQWDQJODXWDQ
%HUXQWXQJQ\D OXDU DQJNDVD GDSDW PHPEHULNDQ WHPSDW LGHDO
WHUVHEXW6DWHOLWGLOXDUDQJNDVDPHQMDGLVHEXDKLQVWUXPHQ\DQJGDSDW
PHPEHULNDQ JDPEDUDQ OXDV DNDQ ODXWDQ 6DWHOLW \DQJ PHQJHOLOLQJL
EXPLGDSDWPHPEHULNDQGDWDVXUYH\GDULVHOXUXKODXWDQGDODPZDNWX
NXUDQJ GDUL GXD MDP $PHULFDQ 0HWHRURORJLFDO 6RFLHW\ 





NHVHLPEDQJDQ HQHUJL GL SHUPXNDDQ EXPL GDQ LQWHUDNVL DWPRVIHU








\DQJ GLREVHUYDVL VXKXQ\D XQWXN EHEHUDSD NHSHUOXDQ SHQWLQJ VDODK
VDWX ORNDVL \DQJPHQMDGL REVHUYDVL XWDPD DGDODK GDHUDK1LQR DWDX
OHELKVSHVLILNQ\DODJL1LQR\DQJWHUOHWDNSDGD6DPXGUD3DVLILNGL
JDULVNKDWXOLVWLZDHNXDWRULDOWLPXU3DSXD1XJLQLGDQEDUDW$PHULND
6HODWDQ VHSHUWL SDGD JDPEDU  'DHUDK 1LQR GLREVHUYDVL NDUHQD
VXDWXIHQRPHQD\DLWX(O1LxR6RXWKHUQ2VFLOODWLRQ (162(162
DGDODK SROD LNOLP EHUXODQJ \DQJPHOLEDWNDQ SHUXEDKDQ VXKX DLU GL




KLQJJD $PHULND 6HODWDQ 8QWXN PHQJDQWLVLSDVL DNDQ IHQRPHQD





'DODP XSD\D XQWXN PHQJDQWLVLSDVL DNDQ GDPSDN GDHUDK
WHUVHEXW SDUD LOPXZDQ SHUOXPHPEXDWPRGHOGDUL VXKXSHUPXNDDQ
ODXW SDGD DUHD 1LQR  DJDU GDSDW GLSHODMDUL GDQ GLDZDVL 6HFDUD
XPXP WHUGDSDW GXD PHWRGH XQWXN PHQJKDVLONDQ PRGHO SHUWDPD
GHQJDQ PHQJJXQDNDQ PRGHO QXPHULN \DQJ GLEXDW EHUGDVDUNDQ
DNWLYLWDV ILVLV VXDWX IHQRPHQD GDQ \DQJ NHGXD GHQJDQ GDWDGULYHQ
PRGHO\DQJGLEXDWEHUGDVDUNDQSRODVWDWLVWLNGDULGDWD \DQJDGD
6NULSVL LQL IRNXV SDGD SHPEXDWDQ GDWDGULYHQ PRGHO
7HUGDSDWEHEHUDSDPHWRGHXQWXNPHPEXDWGDWDGULYHQPRGHO QDPXQ
SHQXOLVPHQJJXQDNDQPHWRGHPDFKLQHOHDUQLQJKDOLQLGLNDUHQDNDQ
PDFKLQH OHDUQLQJ WHODK EHEHUDSD NDOL PHPEHULNDQ KDVLO \DQJ EDLN
GDODP KDO PHPSUHGLNVL GDQ PHPEHULNDQ ZDZDVDQ GDUL GDWD \DQJ
GLRODKQ\D $GHEL\L  0DFKLQH OHDUQLQJ DGDODK FDEDQJ GDUL
NHFHUGDVDQEXDWDQDWDXOHELKVSHVLILNODJL\DLWXLOPXNRPSXWHU\DQJ
EHUDUWL HUDW KXEXQJDQQ\D GHQJDQ LOPX VLVWHP GDQ DOJRULWPD \DQJ
GDSDWPHPSHODMDULVHNXPSXODQGDWDGDQPHPSHUROHKLQIRUPDVLGDUL
VHNXPSXODQGDWD\DQJWHODKGLSHODMDULQ\D
.DUHQD GDWD \DQJ GLSHUROHK GDUL VDWHOLW 12$$ DGDODK
VHUDQJNDLDQQLODLGDWDGHQJDQRUGH LQGHNVZDNWXDWDXELDVDGLVHEXW
VHEDJDLGDWDWLPHVHULHVGLJXQDNDQPHWRGH/RQJVKRUWWHUPPHPRU\
/670 GDODP SHQJRODKDQQ\D /670 DGDODK DUVLWHNWXU 5HFXUUHQW
1HXUDO1HWZRUN 511\DQJPHPSXQ\DLNRQHNVLVLNOLNGDULZDNWXNH
ZDNWX$NWLYDVLGDULVHWLDSLWHUDVLQ\DDNDQGLVLPSDQGDODPNHDGDDQ
LQWHUQDO GDUL MDULQJDQ XQWXN PHQHWDSNDQ PHPRUL VHPHQWDUD
.DSDELOLWDVLQLPHPEXDWPHWRGHPDFKLQHOHDUQLQJ GHQJDQDUVLWHNWXU
511FRFRN XQWXNSHNHUMDDQPRGHO VHUL GHQJDQLQSXWGDWDPXOWLYDULDW
VHSHUWL PHPSUHGLNVL GDWD WLPH VHULHV 7HODK GLODNXNDQ SHQHOLWLDQ





/670 EORFNV GHQJDQ  WDKXQ  GDWD VHEDJDL
SHPEHODMDUDQPRGHOQ\DXQWXNPHPSUHGLNVLQLODL63/SDGDODXW%RKDL
VHODPD NHGHSDQWDKXQ+DVLO\DQJGLGDSDWNDQEDKZD
/670PHPEHULNDQ KDVLO \DQJ EDLN GDODPPHPSUHGLNVL QLODL VXKX
SHUPXNDDQODXW
3DGDSHQHOLWLDQQ\D4LQ=KDQJPHQJJXQDNDQIXQJVLRSWLPDVL$GDJUDG
\DQJ PHUXSDNDQ IXQJVL RSWLPDVL JUDGLHQ VWRNDVWLN \DQJ
GLNHPEDQJNDQ XQWXN PHQJRSWLPDVL GDWDGDWD GHQJDQ MXPODK \DQJ
OHELKEHVDU NHGDODPVXDWXGDWDGULYHQ PRGHO1DPXQGLODLQVLVLSDUD
SUDNWLVL PDFKLQH OHDUQLQJ GDODP LQGXVWUL OHELK XPXP XQWXN
PHQJJXQDNDQ IXQJVL RSWLPDVL $GDP GLNDUHQDNDQ IXQJVL RSWLPDVL
DGDP PHUXSDNDQ IXQJVL RSWLPDVL \DQJ GLNHPEDQJNDQ GDUL
PHQJNRPELQDVLNDQ DQWDUD IXQJVL RSWLPDVL $GDJUDG GDQ 5PVSURS
.LQJPD
%HUGDVDUNDQ SHQHOLWLDQ SUHGLNVL QLODL VXKX SHUPXNDDQ ODXW
\DQJ GLODNXNDQ ROHK 4LQ =KLQJ GDQ UHNDQUHNDQQ\D GL ODXW %RKDL
SHQXOLV EHUXVDKD XQWXNPHPEXDW VLVWHP SUDNLUDDQ EDUX \DQJ GDSDW
PHPSUHGLNVLQLODLVXKXSHUPXNDDQODXWEHEHUDSDWDKXQNHGHSDQGL
DUHD1LQRPHQJJXQDNDQ PRGHO 511/RQJ 6KRUW7HUP0HPRU\
\DLWX VLVWHP MDULQJDQ V\DUDI EXDWDQ \DQJ GLGHVDLQ NKXVXV XQWXN





 %DJDLPDQD NHPDPSXDQ PRGHO 511/670 GHQJDQ IXQJVL





RSWLPDVL $GDP GDQ $GDJUDG NHWLND PHPSUHGLNVL QLODL
DQRPDOLVXKXSHUPXNDDQODXWSDGDGDQEXODQNHGHSDQ"
 %DJDLPDQD NHPDPSXDQ PRGHO 511/670 GHQJDQ IXQJVL
RSWLPDVL $GDP GDQ $GDJUDG NHWLND PHPSUHGLNVL QLODL
DQRPDOLVXKXSHUPXNDDQODXWSDGDWDKXQ\DQJEHUEHGDEHGD"
 %DJDLPDQD NHPDPSXDQ PRGHO 511/670 GHQJDQ IXQJVL
















RSWLPDVL $GDP GDQ $GDJUDG GDODP SUHGLNVL NHWLND
PHQJJXQDNDQGDWDLQSXW\DQJVHPDNLQEDQ\DN
 0HQJHWDKXLNHPDPSXDQPRGHO511/670GHQJDQ IXQJVL
RSWLPDVL $GDP GDQ $GDJUDG NHWLND PHPSUHGLNVL QLODL
DQRPDOL VXKX SHUPXNDDQ ODXW XQWXN   GDQ  EXODQ
NHGHSDQ
 0HQJHWDKXLNHPDPSXDQPRGHO511/670GHQJDQ IXQJVL











 %DJL SHQHOLWL GL ELGDQJ RVHDQRJUDIL GDQ NOLPDWRORJL +DVLO
GDULPRGHO LQL DNDQPHPEDQWX SHQHOLWL ELGDQJRVHDQRJUDIL






6XKXSHUPXNDDQ ODXW 63/ DGDODK VXKX DLU \DQJEHUDGD GHNDW
GHQJDQ DWDX SDGD SHUPXNDDQ ODXW 'HILQLVL WHSDW XQWXN
PHQJJDPEDUNDQ NHGDODPDQNHWHEDODQ SHUPXNDDQ ODXW EHUYDULDVL
WHUJDQWXQJ GHQJDQ PHWRGH SHQJXNXUDQQ\D PXODL GDUL  PLOLPHWHU
VDPSDLGHQJDQ PHWHUGLEDZDKSHUPXNDDQ8GDUDSDGDDWPRVIHU




IDNWRUIDNWRU GRPLQDQ \DLWX NHFHSDWDQ DQJLQ WHPSHUDWXU XGDUD
NHPHQGXQJDQGDQNHOHPEDEDQGDODPSURVHVSHUWXNDUDQHQHUJLSDGD
SHUPXNDDQ ODXW 6HPHQWDUD GDUL VLVL RVHDQLN WUDQVSRUWDVL SDQDV
GLODNXNDQ ROHK DUXV EDWDV NHGDODPDQ ODSLVDQ \DQJ PHPSHQJDUXKL
63/GDQSHQFDPSXUDQYHUWLNDO²SHUJHUDNDQNHDWDVGDQNHEDZDK







GDQ DLU MXJD GDSDW PHQJXEDK GHQVLWDV GDUL SHUPXNDDQ DLU VHUWD
PHPHQJDUXKL GD\D DSXQJ PHUHND 6HEDJDL KDVLOQ\D MXPODK
NHVHOXUXKDQGDULIOXNVDLU GDQSDQDVVHULQJNDOLGLVHEXWVHEDJDLIOXNV
GD\DDSXQJERX\DQF\IOX[6HFDUDPDWHPDWLVIOXNVSDQDVKHDWIOX[












GLPDQD ߩ DGDODKGHQVLWDVDLUODXWܥ௣ DGDODKNDORUMHQLVGDULDLUODXW
+ DGDODK NHGDODPDQPL[HG OD\HU7 DGDODK WHPSHUDWXUPL[HG OD\HU
VDPD GHQJDQ QLODL 63/ܳ௡௘௧ DGDODK QHW IOXNV HQHUJL SHUPXNDDQ
ሬܷԦ
௚௘௢ DGDODK NHFHSDWDQ DUXV JHRVWURSLN ሬܷԦ௘௞ DGDODK NHFHSDWDQ DUXV
(NPDQ ௘ܹ DGDODKWLQJNDWYHUWLFDOHQWUDLQPHQWܹ ௘௞ DGDODKNHFHSDWDQ
SRPSD(NPDQGDQ ௕ܶ DGDODK WHPSHUDWXUDLUSDGDNHGDODPDQ\DQJ
GLPDVXNDQNHGDODPPL[HGOD\HU
)OXNV HQHUJL SDGD ODSLVDQ GDODP ELDVDQ\DPHPLOLNL IOXNV OHELK
NHFLO GLEDQGLQJ IOXNV GL SHUPXNDDQ 7RWDO GDUL HQHUJL IOXNV \DQJ
PDVXNGDQNHOXDUGDULODXWDQSDVWLEHUQLODLQROMLNDWLGDN ODXWDQVHFDUD
PHQ\HOXUXKDNDQPHPDQDVDWDXPHQGLQJLQ 6WHZDUW7RWDOGDUL
IOXNV SDQDV SHUPXNDDQ ODXW ܳ௡௘௧ \DQJ PDVXN DWDX NHOXDU GDUL
YROXPH DLU ELDVD GLVHEXW MXJD VHEDJDL SHULPEDQJDQ EDKDQJ KHDW
EXGJHW -LND SHUVDPDDQ  GLVHGHUKDQDNDQ PDND ܳ௡௘௧ GDSDW GL
GHILQLVLNDQVHEDJDL
ܳ௡௘௧ ൌ ܳ௦௕ ൅ ܳ௟௕ ൅ ܳ௦௪ ൅ ܳ௟௪ǡ 
GLPDQD EDJLDQ GDUL IOXNV WRWDO \DQJ WHUGDSDW SDGD SHUPXNDDQ ODXW
\DLWX
 ,QVRODVLܳ௦௪IOXNVGDULHQHUJLPDWDKDUL\DQJPDVXNNHODXW
 1HW 5DGLDVL ,QIUD0HUDK 1HW ,QIUDUHG 5DGLDWLRQ ܳ௟௪ǡ QHW
UDGLDVLIOXNVLQIUDPHUDKGDULODXW
 6HQVLEOH +HDW )OX[ ܳ௦௕ IOXNV SDQDV \DQJ NHOXDU GDUL ODXW
NDUHQDDGDQ\DNRQGXNVL
 /DWHQVL)OXNV3DQDVܳ௟௕ǡ HQHUJL IOXNV\DQJ WHUEDZDROHKDLU
\DQJPHQJXDS
,VWLODK'DODP)OXNV3DQDV




SDGD LQWHUDNVL SDQDVSHUPXNDDQODXWGDQVHEDJLDQ ODJLWLGDNWHUODOX
(IHNHIHNWHUVHEXWGLSHQJDUXKLROHKEHUEDJDLPDFDPIDNWRUEHULNXW
PHUXSDNDQ JDPEDUDQ VHUWD SHQMHODVDQ DNDQ IDNWRU \DQJ




WHUXWDPDROHK JDULV OLQWDQJPXVLPZDNWX KDUL GDQNHPHQGXQJDQ
'DHUDK NXWXE WHUSDSDU SDQDV OHELK VHGLNLW ROHK IDNWRU LQVRODVL
GLEDQGLQJ GDHUDK WURSLV EHJLWX MXJD GDHUDK PXVLP GLQJLQ \DQJ






 3DQMDQJ ZDNWX GL VLDQJ KDUL \DQJ EHUJDQWXQJ SDGD JDULV
OLQWDQJGDQPXVLP
 'DHUDK PHOLQWDQJ GDUL SHUPXNDDQ \DQJ PHQ\HUDS VLQDU
PDWDKDUL\DQJEHUJDQWXQJSDGDWLQJJLPDWDKDULGLDWDVXIXN






$HURVRO ODXW DWDX YXONDQLN Y 'HEX \DQJ PHQJKDPEXUNDQ
UDGLDVLWHUXWDPDGHEXVDKDUDGLDWDVDWODQWLN




\DQJGRPLQDQ 6HPHQWDUDSHQ\HUDSDQROHK R]RQ XDS DLU DHURVRO
GDQGHEXMDXKOHELKOHPDK
1HW5DGLDVL ,QIUD 0HUDK
)DNWRUQHW UDGLDVL LQIUDPHUDKSHUPXNDDQ ODXWPHQJHPLVLNDQ
UDGLDVL OD\DNQ\D EHQGD KLWDP \DQJ PHPSXQ\DL WHPSHUDWXU VDPD
VHSHUWL DLU ODXW \DQJ EHUDUWL VHNLWDU . GLVWULEXVL UDGLDVL VHVXDL
GHQJDQ IXQJVL SDQMDQJ JHORPEDQJ \DQJ GLEHULNDQ ROHK SHUPDVDDQ
3ODQFN %HULNXW LQLPHUXSDNDQ IDNWRU\DQJPHSHQJDUXKLQHW UDGLDVL
LQIUDPHUDK
.HWHEDODQ DZDQ 6HPDNLQ WHEDO DZDQQ\D VHPDNLQ VHGLNLW
SDQDV\DQJNHOXDUNHUXDQJ
.HWLQJJLDQ DZDQ \DQJ PHQHQWXNDQ WHPSHUDWXU SDGD VDDW
DZDQPHUDGLDVLNDQSDQDVNHPEDOLNHODXWDQ





WDSL LD OHELK FHSDW PHQGLQJLQ GDUL SDGD ODXW WHUEXND
6HPHQWDUD/DXWDQ\DQJWHUWXWXSHVWHULQVXODVLGDULDWPRVIHU
/DWHQVL)OXNV 3DQDV
)DNWRU ODWHQVL IOXNV SDQDV ODWHQVL IOXNV SDQDV GLSHQJDUXKL





)DNWRU6HQVLEOHKHDW IOX[ VHQVLEOHKHDW IOX[ GLSHQJDUXKLROHK
NHFHSDWDQDQJLQGDQSHUEHGDDQWHPSHUDWXUDLUXGDUD$QJLQWLQJJLGDQ





SDUDKSDGD VLVWHP LNOLPJOREDO)HQRPHQD LQLEHUJDQWLJDQWL DQWDUD

















3DGD EHEHUDSD WDKXQ EHODNDQJDQ LQL SHUNHPEDQJDQ GDODP
WHNQRORJL NHFHUGDVDQEXDWDQEHUNHPEDQJVHFDUDHNVSRQHQVLDO7LGDN
KDQ\D EHUNHPEDQJ GDODP VHJL NHLOPXDQ VDMD QDPXQ
SHQJDSOLNDVLDQQ\D GLEHUEDJDLVHNWRU LOPXGDQSHNHUMDDQPHPEXDWQ\D
PHQMDGL WRSLN SDQDV \DQJ GLSHUELQFDQJNDQ +DOKDO WHUVHEXW
PHQJDNLEDWNDQ WLPEXOQ\D SHPDKDPDQ VHUWD GHILQLVL \DQJ EHUEHGD
EHGDGDULWDKXQNHWDKXQ+DOKDO WHUVHEXW WHUNDGDQJ GDSDWPHPEXDW
ELQJXQJ EHEHUDSD RUDQJ NDUHQD WHUODOX EDQ\DN GHILQLVL GDQ
SHPDKDPDQ\DQJPXQFXO







&DUD ODLQ VHODLQ PHQFDUL SHQMHODVDQ XPXP WHQWDQJ NHFHUGDVDQ
EXDWDQ LDODK GHQJDQ PHPEDWDVLQ\D GHQJDQ GHILQLVL DUWLILFLDOO\

LQWHOOLJHQWV\VWHPV ± VLVWHP NHFHUGDVDQEXDWDQ .RN.DUHQD
GHQJDQ EHJLWX DNDQ OHELK PXGDK EDJL NLWD XQWXN PHPDKDPLQ\D
'HQJDQ FDUD PHPHFDKQ\D PHQMDGL EHEHUDSD VLVWHP EDJLDQ \DQJ
NHPXGLDQ NLWD LQWHUSUHWDVLNDQ GDUL PDVLQJPDVLQJ VLVWHP




x 6\VWHPV WKDW WKLQN OLNH KXPDQV²6LVWHP \DQJ EHUSLNLU
VHSHUWLPDQXVLD
x 6\VWHPV WKDW DFW OLNH KXPDQV²6LVWHP \DQJ EHUDNVL
VHSHUWLPDQXVLD









LPLWDVL´ EHUWXMXDQ XQWXN PHQHQWXNDQ DSDNDK VXDWX PHVLQ PDPSX




LOPXZDQ XQWXN PHQMDZDE SHUWDQ\DDQ ³%LVDNDK PHVLQ EHUSLNLU"´
8QWXN ELVD ³OXOXV´ GDODP XML WXULQJ NRPSXWHU PHVLQ KDUXV
VHWLGDNQQ\DPHPLOLNLNHPDPSXDQEHULNXW .RN
x 1DWXUDO ODQJXDJH SURFHVVLQJ PHVLQ SHUOX ELVD
EHUNRPXQLNDVL GDODP EDKDVD QDWXUDO VHSHUWL EDKDVD
LQJJULVLQGRQHVLDGOO

x .QRZOHGJH UHSUHVHQWDWLRQ PHVLQ SHUOX ELVD PHPLOLNL




x 0DFKLQH OHDUQLQJ PHVLQ SHUOX ELVD EHODMDU GDUL
OLQJNXQJDQVHNLWDU
 0DFKLQH/HDUQLQJ
0DFKLQH OHDUQLQJ PHUXSDNDQ VDODK VDWX NHPDPSXDQ \DQJ
GLSHUOXNDQ DJDU PHVLQ ELVD GLNDWDNDQ ³FHUGDV´0DFKLQH OHDUQLQJ
DGDODKEDJLDQGDULVLVWHPNHFHUGDVDQEXDWDQGLPDQDPHVLQSHUOXELVD
EHODMDUGDULLQIRUPDVL\DQJDGDGDODPOLQJNXQJDQQ\D3HULKDOPHVLQ
SDGD NRQWHNV LQL GDSDW GLNDWDNDQ VHFDUD OXDV DGDODK PHVLQ \DQJ
PDPSXEHODMDUOHDUQV NDSDQSXQVWUXNWXU DOJRULWPDSURJUDPDWDX
GDWD EHUGDVDUNDQ LQSXW DWDX UHVSRQ GDUL LQIRUUPDVL HNVWHUQDO
EHUXEDKXEDK GHQJDQ HNVSHNWDVL DNDQ PHPEHULNDQ SHUXEDKDQ
SHULODNXQ\DGLPDVD\DQJDNDQGDWDQJ1LOVVRQ
0DFKLQH OHDUQLQJ PHUXSDNDQ EDJLDQ SHQ\XVXQ GDUL LOPX
NHFHUGDVDQEXDWDQQDPXQMXJDVHFDUDNKXVXVWHUPDVXNGDODPFDEDQJ
LOPXNRPSXWHUFRPSXWHUVFLHQFH\DQJPDQDEHUKXEXQJDQGHQJDQ




³GLODWLK´ GDULSDGD ³GLSURJUDP´ 0HVLQ GLVDMLNDQ GHQJDQ EDQ\DN
FRQWRK \DQJ UHOHYDQ GHQJDQ WXJDV SHNHUMDDQ \DQJ GLSURJUDP
NHGDODPQ\D GDQ PHQHPXNDQ VWUXNWXU DWDX SROD VWDWLVWLN GDODP
FRQWRKFRQWRK VHNXPSXODQ GDWD LQL \DQJ SDGD DNKLUQ\D





-LND PHOLKDW JDPEDU  GL GDODP OLQJNDUDQ $, $UWLILFLDO
,QWHOOLJHQFH WHUGDSDW PDFKLQH OHDUQLQJ GHQJDQ EHUEDJDL PDFDP
YDULDVLDOJRULWPD\DQJOXDVVHSHUWLVXSSRUWYHFWRUPDFKLQHV.PHDQV
FOXVWHULQJUDQGRPIRUHVWV GDQUDWXVDQ ODLQQ\D WHODKGLNHPEDQJNDQ





PHPSURVHV GDWD PHVNLSXQ NHUDQJND NHUMDQ\D GLVHGHUKDQDNDQ
/H&XQ'HHS OHDUQLQJPHUXSDNDQ VXEELGDQJGDULPDFKLQH
OHDUQLQJ \DQJ PDQD UHSUHVHQWDVL SHPEHODMDUDQ GDWD \DQJ
GLEHULNDQQ\DGLWHNDQNDQSDGDSHPEHULDQ EDQ\DNQ\D OD\HU ODSLVDQ
UHSUHVHQWDVL\DQJEHUPDNQD'DODPGHHSOHDUQLQJEDQ\DNQ\DOD\HU







PDFKLQH OHDUQLQJ 'DODP VXSHUYLVHG OHDUQLQJ PHVLQ ELDVDQ\D
SURJUDPNRPSXWHU\DQJWHODKGLEHULNDQGDWDLQSXWGDWDWHUVHEXWDNDQ
GLEDJLPHQMDGLGXDVHW NXPSXODQGDWD\DLWXWUDLQLQJVHW GDQWHVWVHW
3HUEHGDDQ DQWDUD GDWD WUDLQLQJ VHW GDQ WHVW VHW EHUDGD SDGD IXQJVL











WHODKGLEHULNDQSDGDPHVLQ 2XWSXW GDUL VXSHUYLVHG OHDUQLQJ DGDODK
XQWXN PHQFLSWDNDQ PRGHO GHQJDQ WLQJNDW DNXUDVL \DQJ WLQJJL
GLSHUROHKGDULKDVLO³SHPEHODMDUDQQ\D´
 $UWLILFLDO 1HXUDO1HWZRUNV







PHEDQWXQ\DPHPSHUROHK SHQJHWDKXDQ 6DWX$UWLILFLDO QHXURQ WLGDN
DNDQ PHPEDQWX EDQ\DN EDKNDQ KDPSLU WLGDN EHUJXQD XQWXN
PHQ\HOHVDLNDQPDVDODK1DPXQMLNDNLWDPHQJNRPELQDVLNDQGXDDWDX




DQDORJL DWDX LPLWDVL GDUL VHOVHO QHXURQ RWDN VHEDJDL SHPURVHV
LQIRUPDVL *HUYHQ  $11 DGDODK VHEXDK PRGHO PDWHPDWLV
MDULQJDQGHQJDQVHNXPSXODQHOHPHQVHGHUKDQD\DQJGLVHEXWDUWLILFLDO
QHXURQV 1HXURQEXDWDQ \DQJPHQGDSDWNDQ LQSXW NHPXGLDQ WHUMDGL
DNWLYDVL²SHUXEDKDDQNHDGDDQLQWHUQDO² EHUGDVDUNDQLQSXWQ\DODOX




$UWLILFLDO QHXURQ \DQJ VDOLQJ WHUKXEXQJ VDWX VDPD ODLQ GLVHEXW




DUDKGDUL LQSXW PHQXMXRXWSXW GDQ WRSRORJL UHFXUUHQW JUDILN VHPL
VLNOLN GLPDQDEHEHUDSDLQIRUPDVLQ\DPHQJDOLUWLGDNSDGDVDWXDUDK







$11VGHQJDQ WRSRORJL UHFXUUHQW GLVHEXW VHEDJDL UHFXUUHQW
QHXUDO QHWZRUN 511 'DODP NDVXV WRSRORJL VHSHUWL JDPEDU 
LQIRUPDVL WLGDN ODJL GLWUDQVPLVLNDQ KDQ\D PHODOXL VDWX DUDK WHWDSL
MXJD GLWUDQVPLVLNDQ VHFDUD WHUEDOLN EDFNZDUGV+DO LQL PHPEXDW
NHDGDDQ LQWHUQDO GDUL MDULQJDQ \DQJ PDPSX PHQXQMXNDQ SHULODNX




3DGD 511 VHGHUKDQD VHFDUD PDWHPDWLV GLJDPEDU VHSHUWL
SHUVDPDDQ 'LPDQD WLDS ODSLVDQ OD\HU PHPLOLNL LQGH[YDULDEHO
VHQGLULN XQWXNQRGH RXWSXWM GDQKXQWXNQRGHKLGGHQGDQL XQWXN
QRGH LQSXWY DGDODKERERWGDULYHNWRU LQSXW[ GDQX DGDODK ODSLVDQ
ERERWUHFXUUHQW GLPDQDGLNRPELQDVLNDQGHQJDQVWDWHDNWLYDVL
ሻݐ௝ሺݕ ൌ ݂ሺ݊݁ݐ௝ሺݐሻሻ 
ሻݐ௝ሺݐ݁݊ ൌ σ ௝௜ݒሻݐ௜ሺݔ
௠
௜ ൅ σ ݐ௛ሺݕ െ ͳሻݑ௝௜
௠




ሻݐ௞ሺݕ ൌ ݃ሺ݊݁ݐ௞ሺݐሻሻ 
ሻݐ௞ሺݐ݁݊ ൌ σ ሻݐ௝ሺݕ
௠
௝ ௞௝ݓ ൅ ௞ߠ 
 -DULQJDQ/RQJ6KRUW7HUP0HPRU\
8QLW/RQJVKRUWWHUPPHPRU\ /670 DGDODKXQLWEDJLDQGDUL
UHFXUUHQW QHXUDO QHWZRUN 511 GHQJDQ NHUDQJND GHHS OHDUQLQJ
511 GHHS OHDUQLQJ \DQJ WHUKXEXQJ GHQJDQ/670GLVHEXW VHEDJDL
MDULQJDQ /RQJ VKRUWWHUP PHPRU\ +DO XQLN GDUL /670 DGDODK
NRPSRVLVLGDULSHQ\XVXQQ\D\DLWXLQSXWJDWHRXWSXWJDWHGDQIRUJHW
JDWH3HQ\XVXQGLGDODPQ\DPDPSXPHQJLQJDWLQIRUPDVLVHPDXQ\D
SDGDLQWHUYDOZDNWX WHUWHQWX GDQWLJDJDWH SHQ\XVXQQ\DPHQJDWXUDOLU
LQIRUPDVL\DQJPDVXNGDQNHOXDUGDULJDWH/RQJVKRUWWHUPPHPRU\







GLPDQDERERW LWX DNDQGLVLPSDQ VDPSDLSDGD WDKDSDNKLUSHODWLKDQ
VXDWX PRGHO WDSL WLGDN EXNDQ VHO PHPRUL %RERW WHUVHEXW DNDQ







FRFRN XQWXN GLJXQDNDQ GDODP SHPEXDWDQ PRGHO \DQJ
PHQJJDPEDUNDQ EHUEDJDL PDVDODK NRPSOHNV VHSHUWL VHTXHQFH
OHDUQLQJ KDQGZULWLQJ UHFRJQLWLRQ VSHHFK UHFRJQLWLRQ DWDX WLPH
VHULHVSUHGLFWLRQ6+RFKUHLWHU
 5 3URJUDPPLQJ/DQJXDJH
5 PHUXSDNDQ EDKDVD SHPURJUDPDQ WLQJNDW WLQJJL \DQJ ELDVD
GLJXQDNDQ XQWXN NRPSXWDVL VWDWLVWLN GDQ JUDILN  5 PHQ\HGLDNDQ




5 PHPLOLNL NRPXQLWDV EHVDU GLNDODQJDQ NRPXQLWDV NRPSXWDVL





7HQVRU)ORZDGDODK OLEUDU\ SHUDQJNDW OXQDN VXPEHU WHUEXND
XQWXNNHEXWXKDQNRPSXWDVLQXPHULNPHQJJXQDNDQDOLUDQGDWDJUDILN
7HQVRU)ORZ EDQ\DN GLJXQDNDQ XQWXN NHSHUOXDQ PDFKLQH OHDUQLQJ
VHSHUWLQHXUDOQHWZRUNV3DGDDZDOQ\D7HQVRU)ORZGLJXQDNDQVHFDUD

WHUWXWXS ROHK WLPULVHW*RRJOH \DQJNHPXGLDQGLEXNDXQWXNXPXP
SDGD 1RYHPEHU  XQWXN GHPRNUDWLVDVL ULVHW 'HHS /HDUQLQJ
7HQVRU)ORZPHQ\HGLDNDQEHEHUDSDPDFDP.HUDV(VWLPDWRU&RUH
$SSOLFDWLRQ 3URJUDPPLQJ ,QWHUIDFH $3, QHXUDO QHWZRUNV VHVXDL
GHQJDQNHEXWXKDQSHQJJXQDQ\D.LQLIDVLOLWDV\DQJGLVHGLDNDQROHK




QHWZRUNV WLQJNDW WLQJJL \DQJ GLNHPEDQJNDQ GHQJDQ IRNXV XQWXN
NHSHUOXDQ ULVHW GDQ NRPSXWDVL HNVSHULPHQ .HSHUOXDQ .HUDV











$ODW \DQJ GLJXQDNDQ GDODP SHQHOLWLDQ DGDODK VHEXDK /DSWRS
$686 52* 6WUL[ */ *DPLQJ 3& GHQJDQ 6SHVLILNDVL &38
*+] ,QWHO &RUH L+4 TXDGFRUH 0% FDFKH XS WR
*+] *UDILN 1YLGLD *H)RUFH *7; WL *% *''5
95$0,QWHO+'*UDSKLFV5$0*%''5GXDOFKDQQHO
0+]+DUG'ULYH7%
%DKDQ \DQJ GLJXQDNDQ GDODP SHQHOLWLDQ DGDODK 'DWD 6XKX













\DQJ DNDQ GLEXDW PHQJJXQDNDQ SHUDQJNDW OXQDN EDFNHQG
7HQVRUIORZ 7HQVRU)ORZ GLEDQJXQ PHQJJXQDNDQ EDKDVD

SHPURJUDPDQ 5 'LSHUODNXNDQ SHQJLQVWDODQ 53URMHFW GDQ ,'( 5
WHUOHELKGDKXOXDJDUVFULSWSURJUDPGDSDWGLRODK




GLXQGXK ODNXNDQ ODQJNDKODQJNDK SHQJLQVWDOODQ VHVXDL GHQJDQ
SDQGXDQ JDPEDUWXQJJXKLQJJDLQVWDODVLVHOHVDL
*DPEDU ,QVWDOO5VWXGLR,'(






















8QWXN PHODNXNDQ LQVWDODVL OLEUDU\ 53URMHFW JXQDNDQ SHULQWDK




6HWHODK VHPXD OLEUDU\ WHUSDVDQJ SURJUDP VLDS XQWXN GLEXDW GDQ
GLMDODQNDQPHODOXL5VWXGLR
3HQJDPELODQ'DWD
'DWD GLGDSDWNDQ PHODOXL ZHEVLWH UHVPL 12$$ SDGD 0DUHW
 )LOH WHUVHEXW EHULVL GDWD QLODL UDWDUDWD VXKX SHUPXNDDQ ODXW
63/ DUHD1LQR   GDQ  EXODQDQ²GDWDPDVLQJPDVLQJ DUHD
GLXQGXKSDGDVLWXVWHUSLVDK²GLPXODLGDULEXODQ-DQXDUL WDKXQ
VDPSDL GHQJDQ EXODQ 'HVHPEHU WDKXQ  GHQJDQ SHQJDPDWDQ
VDWHOLW12$$ 'DWDUDWDUDWD63/SDGDGDHUDK1LQRGDQ\DQJ









1LQR\DQJGLGDSDWGDULVLWXVZHEVLWH 12$$ \DQJEHULVLGDWD WLPH
VHULHV GDUL-DQXDUL WDKXQ VDPSDLGHQJDQ'HVHPEHUWDKXQ
 WDKXQEXODQ3HQJJXQDDQWLJDGDWD63/GDULDUHD1LQR
 GDQ  DGDODK YDULDEHO GDWD LQSXW \DQJ DNDQ GLEHULNDQ NHSDGD
PRGHO 511/670'DODP SHQHOLWLDQ LQL GDWD \DQJ GLDPELO XQWXN
SHODWLKDQ PRGHO DGDODK VHEDQ\DN  WDKXQ EXODQ GDUL -DQXDUL


















7DEHO   6WUXNWXU GDWD IUDPH1LQR  	  GLXEDKPHQMDGL 
NRORP
6HWHODKGDWDGDULPDVLQJPDVLQJDUHDVXGDKGDODPVWUXNWXU\DQJ







































ϭͬϭͬϭϵϴϭ Ϯϲ͘ϭϮ Ϯϰ͘ϴϰ Ϯϴ͘ϭϱ
Ϯͬϭͬϭϵϴϭ Ϯϲ͘ϯϭ Ϯϱ͘ϲϵ Ϯϴ͘Ϭϳ
ϯͬϭͬϭϵϴϭ Ϯϳ͘Ϯϰ Ϯϲ͘ϴϳ Ϯϴ͘ϰϳ
ϰͬϭͬϭϵϴϭ Ϯϳ͘ϲ Ϯϳ͘ϭϰ Ϯϴ͘ϰϮ
ϱͬϭͬϭϵϴϭ Ϯϳ͘ϳϲ Ϯϲ͘ϴϱ Ϯϴ͘ϳϲ
ϲͬϭͬϭϵϴϭ Ϯϳ͘ϱϰ Ϯϲ͘ϰϮ Ϯϴ͘ϱϯ
ϳͬϭͬϭϵϴϭ Ϯϲ͘ϳϵ Ϯϱ͘Ϯϰ Ϯϴ͘ϯϱ
ϴͬϭͬϭϵϴϭ Ϯϲ͘ϳ Ϯϰ͘ϲϴ Ϯϴ͘ϯϲ









NHPXGLDQ DNDQ GL JXQDNDQ VHEDJDL WDUJHW XQWXNPHODNXNDQ SURVHV









 VDPSDL  DJDU PRGHO GDSDW PHQJRODK GDWD OHELK PXGDK SDGD
GDVDUQ\DGDODPSHODWLKDQPRGHOGDWDGLEDJLPHQMDGLWLJDNHORPSRN
'DWD SHODWLKDQ9DOLGDVL GDQ  EDULV GDWD XQWXN 3HQJXMLDQ 1DPXQ





0RGHO 1HXUDO 1HWZRUN \DQJ GLJXQDNDQ DGDODK VLQJOH /670
GHQJDQ WLJD OD\HU 'XD KLGGHQ OD\HU PDVLQJPDVLQJ EHULVLNDQ 
DUWLILFLDO QHXURQ /670 VDWX RXWSXW OD\HU \DQJ EHULVLNDQ  QHXURQ
ELDVD)XQJVLDNWLYDVL\DQJGLJXQDNDQSDGDVHWLDSQHXURQDGDODKWDQK
'DWDLQSXWGLRODKWHUOHELKGDKXOXSDGD+LGGHQ/D\HU/670ODSLVDQ
SHUWDPD \DQJ WHUGLUL GDUL  QHXURQ /670 NHPXGLDQ GDUL +LGGHQ
/D\HUSHUWDPDGLRODKNHPEDOLNH+LGGHQ/D\HUNHGXD6HWHODKGLRODK
GL NHGXD +LGGHQ /D\HU /670 PDND KDVLO RODKDQ GDWD DNDQ
GLGLVWULEXVLNDQPHQXMX'HQVH/D\HU)XOO\&RQQHFWHG/D\HU'HQVH
/D\HUDNDQPHQJKDVLONDQGDWDRXWSXW
ŝŶĚĞǆ ƐƐƚͺŶŝŶŽϯϰƐƐƚͺŶŝŶŽϯ ƐƐƚͺŶŝŶŽϰ ŬĞǇ
ϭͬϭͬϭϵϴϵ ͲϮ͘ϱϲϰϰϮ Ͳϭ͘ϯϳϭϭϰ ͲϮ͘ϴϴ ƚƌĂŝŶŝŶŐ
Ϯͬϭͬϭϵϴϵ Ͳϭ͘ϳϱϲϮϴ ͲϬ͘Ϯϲϭϲϴ ͲϮ͘ϳϲϭϬϭ ƚƌĂŝŶŝŶŐ
ϯͬϭͬϭϵϴϵ Ͳϭ͘ϭϴϵϰϭ Ϭ͘ϭϯϱϳϵϳ ͲϮ͘ϯϬϭϱϵ ƚƌĂŝŶŝŶŐ
ϰͬϭͬϭϵϴϵ ͲϬ͘ϰϯϮϯϴ Ϭ͘ϱϲϬϴϭϰ Ͳϭ͘ϱϴϬϳϱ ƚƌĂŝŶŝŶŐ
ϱͬϭͬϭϵϴϵ ͲϬ͘ϬϮϭϵϲ Ϭ͘ϯϬϵϰϳϵ ͲϬ͘ϳϵϯϳϱ ƚƌĂŝŶŝŶŐ
ϲͬϭͬϭϵϴϵ ͲϬ͘ϬϰϮϰϭ Ϭ͘ϭϭϮϬϱϳ ͲϬ͘ϵϮϰϯϵ ƚƌĂŝŶŝŶŐ
ŝŶĚĞǆ ƐƐƚͺŶŝŶŽϯϰƐƐƚͺŶŝŶŽϯ ƐƐƚͺŶŝŶŽϰ ŬĞǇ
ϲͬϭͬϮϬϭϴ Ϭ͘ϳϯϵϰϳϱ Ϭ͘ϱϵϮϭϮϱ Ϭ͘ϲϴϲϲϲϳ ƚĞƐƚŝŶŐ
ϳͬϭͬϮϬϭϴ Ϭ͘ϰϭϱϴϲϳ ͲϬ͘ϬϮϮϳϯ Ϭ͘ϳϭϱϭϱϭ ƚĞƐƚŝŶŐ
ϴͬϭͬϮϬϭϴ ͲϬ͘ϭϱϱϬϭ ͲϬ͘ϴϬϴϱϰ Ϭ͘ϳϮϵϯϵ ƚĞƐƚŝŶŐ
ϵͬϭͬϮϬϭϴ ͲϬ͘ϬϯϮϭϵ ͲϬ͘ϲϴϳϮϴ Ϭ͘ϴϴϱϴϱϯ ƚĞƐƚŝŶŐ
ϭϬͬϭͬϮϬϭϴ Ϭ͘ϰϵϲϵϰϱ ͲϬ͘ϭϵϳϴϮ ϭ͘ϮϴϮϳϵϵ ƚĞƐƚŝŶŐ
ϭϭͬϭͬϮϬϭϴ Ϭ͘ϱϳϳϵϬϱ Ϭ͘Ϭϲϰϱϯϱ ϭ͘ϭϲϵϱϳϵ ƚĞƐƚŝŶŐ

3HODWLKDQ1HXUDO1HWZRUN
'DWD LQSXW \DQJ GLEHULNDQ NHSDGD PRGHO EHULVLNDQ WLJD







GLODNXNDQ SHUXEDKDQ ERERW SDGD PDVLQJPDVLQJ DUWLILFLDO QHXURQ
\DQJ DGD DJDU RXWSXW \DQJ GLKDVLONDQ GDSDW VHVXDL GHQJDQ WDUJHW
VHODJL SDGD IDVH YDOLGDVL PRGHO DNDQ PHQJKDVLONDQ QLODL
HUURUNHVDODKDQ GLPDQD QLODL NHVDODKDQ LQL GLKLWXQJ PHQJJXQDNDQ
0HDQ6TXDUH(UURU+DVLONHVDODKDQWHUVHEXWDNDQGLJXQDNDQXQWXN
PHPSHUEDUXL QLODL ERERW \DQJ DGD 3DGD PRGHO LQL GLJXQDNDQ
DOJRULWPDRSWLPDVLXQWXNPHQJXEDKGDQPHPSHUEDLNLERERW\DQJDGD
GHQJDQ ³$GDP 2SWLPL]HU´ GDQ ³$GDJUDG 2SWLPL]HU´ VHEDJDL
DOJRULWPD RSWLPDVLQ\D $GDJUDG RSWLPL]HU GLSLOLK EHUGDVDUNDQ
SHQHOLWLDQ\DQJGLODNXNDQROHK4LQ=KDQJGDODPPHPSUHGLNVLQLODL
63/SDGDODXW%RKDL$GDJUDGDGDODKDOJRULWPDRSWLPDVLSHQXUXQDQ
JUDGLHQ VWRNDVWLN VDPD VHSHUWL DOJRULWPD RSWLPDVL $GDP $GDP
RSWLPL]HU PHUXSDNDQ DOJRULWPD \DQJ GLNHPEDQJNDQ GHQJDQ
PHQJNRPELQDVLNDQ RSWLPL]HU $GDJUDG GDQ 5PVSURS GDODP
SHPEXDWDQ PRGHO GHHS OHDUQLQJ IXQJVL RSWLPDVL WHUVHEXW $GDP











IXQJVL RSWLPDVL$GDPGDQ$GDJUDG 3DGD SHUFREDDQ\DQJSHUWDPD
KDVLO NHDNXUDWDQ PRGHO 511/670 GHQJDQ YDULDVL MXPODK LQSXW
VHSHUWLWHUWHUDSDGDWDEHO DNDQGLEDQGLQJNDQXQWXNPHPSUHGLNVL
WDKXQ7HUGDSDW  YDULDVLGDWD LQSXW GDUL WDKXQVDPSDL
WDKXQ 3HPLOLKDQYDULDVL LQSXWWHUVHEXWGLGDVDULDWDVSHQHOLWLDQ\DQJ
GLODNXNDQROHK4LQ=KDQJGLPDQD LDPHQJJXQDNDQ WDKXQ LQSXW
GDWD63/ODXWERKDLXQWXNPHPSHUROHKKDVLOWHUEDLN6HPHQWDUDXQWXN
SHPLOLKDQ  WDKXQ VHEDJDL DZDO SHQJXMLDQ DJDU PRGHO GDSDW
PHQDQJNDSGDQPHPSHODMDULIHQRPHQD(162ULQJDQKLQJJDHNVWULP
VHODPDVDWXGHNDGHWHUDNKLUGDULGDWD\DQJDGD








ϭ ϭϲƚĂŚƵŶ ϮϬϬϭͲϮϬϭϳ ϮϬϭϴ
Ϯ ϭϳƚĂŚƵŶ ϮϬϬϬͲϮϬϭϳ ϮϬϭϴ
ϯ ϭϴƚĂŚƵŶ ϭϵϵϵͲϮϬϭϳ ϮϬϭϴ
ϰ ϭϵƚĂŚƵŶ ϭϵϵϴͲϮϬϭϳ ϮϬϭϴ
ϱ ϮϬƚĂŚƵŶ ϭϵϵϳͲϮϬϭϳ ϮϬϭϴ
ϲ ϮϭƚĂŚƵŶ ϭϵϵϲͲϮϬϭϳ ϮϬϭϴ
ϳ ϮϮƚĂŚƵŶ ϭϵϵϱͲϮϬϭϳ ϮϬϭϴ
ϴ ϮϯƚĂŚƵŶ ϭϵϵϰͲϮϬϭϳ ϮϬϭϴ
ϵ ϮϰƚĂŚƵŶ ϭϵϵϯͲϮϬϭϳ ϮϬϭϴ
ϭϬ ϮϱƚĂŚƵŶ ϭϵϵϮͲϮϬϭϳ ϮϬϭϴ
ϭϭ ϮϲƚĂŚƵŶ ϭϵϵϭͲϮϬϭϳ ϮϬϭϴ

ϭϮ ϮϳƚĂŚƵŶ ϭϵϵϬͲϮϬϭϳ ϮϬϭϴ
ϭϯ ϮϴƚĂŚƵŶ ϭϵϴϵͲϮϬϭϳ ϮϬϭϴ
ϭϰ ϮϵƚĂŚƵŶ ϭϵϴϴͲϮϬϭϳ ϮϬϭϴ
ϭϱ ϯϬƚĂŚƵŶ ϭϵϴϳͲϮϬϭϳ ϮϬϭϴ
ϭϲ ϯϭƚĂŚƵŶ ϭϵϴϲͲϮϬϭϳ ϮϬϭϴ









-DQ 'HV -DQ 'HV %XODQ
$SU 0DU $SU 'HV %XODQ
-XO -XQ -XO'HV %XODQ
3DGDSHQJXMLDQNHWLJDPRGHOGHQJDQSHUIRUPDWHUEDLNSDGD
SHQJXMLDQSHUWDPDDNDQGLXMLXQWXNPHPSUHGLNVLQLODLDQRPDOLUDWD
UDWD 63/ GL WDKXQ \DQJ EHUEHGDEHGD \DLWX   GDQ 
0RGHO DNDQPHPSUHGLNVL QLODL DQRPDOL 63/ VHODPDEXODQ SDGD




















GHQJDQ  IXQJVL RSWLPDVL $GDP GDQ $GDJUDG WHUVHEXW DNDQ
GLEDQGLQJNDQ GHQJDQ GDWD VHVXQJJXKQ\D NHPXGLDQ GLKLWXQJ QLODL














'LODNXNDQ SHQJXMLDQ SDGD PRGHO 511/670 GHQJDQ YDULDVL
LQSXW GDUL  VDPSDL  WDKXQ XQWXN PHPSUHGLNVL QLODL 63/ SDGD
WDKXQ PHQJJXQDNDQIXQJVLRSWLPDVL$GDPGDQ$GDJUDG 3DGD
SHQJXMLDQ LQL GLSHUROHK WLJD PRGHO GHQJDQ SHUIRUPD WHUEDLN GDUL
PRGHOGHQJDQ IXQJVLRSWLPDVLQ\D6HSHUWLSDGDWDEHO PRGHO\DQJ
PHQJJXQDNDQIXQJVLRSWLPDVL$GDPPHPLOLNLSHUIRUPDWHUEDLNSDGD
LQSXW VHEDQ\DN   GDQ  WDKXQ 6HPHQWDUD PRGHO \DQJ
PHQJJXQDNDQ IXQJVL RSWLPDVL $GDJUDG PHPLOLNL SHUIRUPD WHUEDLN
SDGDLQSXWVHEDQ\DNGDQWDKXQ-LNDNHGXDPRGHOGHQJDQ
IXQJVL RSWLPDVL GLEDQGLQJNDQ VHFDUD PHQ\HOXUXK 0RGHO GHQJDQ
IXQJVL RSWLPDVL $GDJUDG PHPLOLNL QLODL 506( \DQJ OHELK UHQGDK















ϭ ϭϲƚĂŚƵŶ ϮϬϬϭͲϮϬϭϳ ϮϬϭϴ Ϭ͘ϴϵ Ϭ͘ϳϴ
Ϯ ϭϳƚĂŚƵŶ ϮϬϬϬͲϮϬϭϳ ϮϬϭϴ Ϭ͘ϵϱ Ϭ͘ϴϭ
ϯ ϭϴƚĂŚƵŶ ϭϵϵϵͲϮϬϭϳ ϮϬϭϴ Ϭ͘ϳϵ Ϭ͘ϳϵ
ϰ ϭϵƚĂŚƵŶ ϭϵϵϴͲϮϬϭϳ ϮϬϭϴ Ϭ͘ϴϵ Ϭ͘ϴϲ
ϱ ϮϬƚĂŚƵŶ ϭϵϵϳͲϮϬϭϳ ϮϬϭϴ ϭ͘Ϯϱ Ϭ͘ϴϱ
ϲ ϮϭƚĂŚƵŶ ϭϵϵϲͲϮϬϭϳ ϮϬϭϴ ϭ͘Ϯϯ ϭ͘Ϭϯ
ϳ ϮϮƚĂŚƵŶ ϭϵϵϱͲϮϬϭϳ ϮϬϭϴ ϭ͘Ϭϳ Ϭ͘ϳϲ
ϴ ϮϯƚĂŚƵŶ ϭϵϵϰͲϮϬϭϳ ϮϬϭϴ ϭ͘ϭϵ Ϭ͘ϳϱ
ϵ ϮϰƚĂŚƵŶ ϭϵϵϯͲϮϬϭϳ ϮϬϭϴ Ϭ͘ϴϲ Ϭ͘ϴϴ
ϭϬ ϮϱƚĂŚƵŶ ϭϵϵϮͲϮϬϭϳ ϮϬϭϴ Ϭ͘ϰϴ Ϭ͘ϳ
ϭϭ ϮϲƚĂŚƵŶ ϭϵϵϭͲϮϬϭϳ ϮϬϭϴ Ϭ͘ϴϭ Ϭ͘ϲϵ
ϭϮ ϮϳƚĂŚƵŶ ϭϵϵϬͲϮϬϭϳ ϮϬϭϴ Ϭ͘ϵϵ Ϭ͘ϲϯ
ϭϯ ϮϴƚĂŚƵŶ ϭϵϴϵͲϮϬϭϳ ϮϬϭϴ ϭ Ϭ͘ϲϴ
ϭϰ ϮϵƚĂŚƵŶ ϭϵϴϴͲϮϬϭϳ ϮϬϭϴ Ϭ͘ϵϴ Ϭ͘ϲϰ
ϭϱ ϯϬƚĂŚƵŶ ϭϵϴϳͲϮϬϭϳ ϮϬϭϴ ϭ͘ϭϭ Ϭ͘ϳϵ
ϭϲ ϯϭƚĂŚƵŶ ϭϵϴϲͲϮϬϭϳ ϮϬϭϴ ϭ͘ϯϲ Ϭ͘ϴϱ





SDGD JDPEDU  3DGD PRGHO GHQJDQ IXQJVL RSWLPDVL $GDP MLND
GLOLKDW GDUL JUDILN WUHQQ\DPRGHO WHUVHEXWPHPLOLNL NHFHQGHUXQJDQ
XQWXNPHQLQJNDWQ\DQLODL506( NHWLND VHPDNLQEDQ\DNGDWD LQSXW








6DODK VDWXQ\D \DLWX PRGHO EHEHUDSD NDOL PHQJDODPL SHUPDVDODKDQ
DNDQ ZDNWX SUHGLNVLQ\D \DQJ GLUDVD OHELK FHSDW VDWX EXODQ MLND
GLEDQGLQJNDQGHQJDQZDNWXDVOLQ\D-LNDQLODLSUHGLNVLGLPDMXNDQVDWX
EXODQ PDND GLSHUROHK QLODL 506( \DQJ OHELK UHQGDK GLEDQGLQJ














0RGHO 511/670 GHQJDQ SHUIRUPD WHUEDLN GDUL SHQJXMLDQ
VHEHOXPQ\DGLXMLNHPEDOLXQWXNPHODNXNDQSUHGLNVLVHODPDGDQ
EXODQ GLWDKXQ0RGHODNDQPHPSUHGLNVLQLODLDQRPDOL63/
GDUL EXODQ'HVHPEHU NHPXGLDQ EHUJHUDNPXQGXU -LNDPRGHO
DNDQ PHPSUHGLNVL VHODPD  EXODQ GHQJDQ GDWD LQSXW VHEDQ\DN 
WDKXQ PDNDPRGHO DNDQPHPSUHGLNVL EXODQ'HVHPEHU  GDQ 
EXODQ\DQJDGDGLEHODNDQJQ\DGHQJDQEHJLWXGDWD LQSXW\DQJDNDQ
































ϭ ϭϴ :ĂŶϮϬϬϬͲĞƐϮϬϭϳ :ĂŶͲĞƐϮϬϭϴ ϭϮƵůĂŶ Ϭ͘ϳϵ
Ϯ ϭϴ ƉƌϭϵϵϵͲDĂƌϮϬϭϴ ƉƌͲĞƐϮϬϭϴ ϵƵůĂŶ Ϭ͘ϯϲ
ϯ ϭϴ :ƵůϭϵϵϵͲ:ƵŶϮϬϭϴ :ƵůͲĞƐϮϬϭϴ ϲƵůĂŶ Ϭ͘ϱϱ
ϭ Ϯϱ :ĂŶϭϵϵϮͲĞƐϮϬϭϳ :ĂŶͲĞƐϮϬϭϴ ϭϮƵůĂŶ Ϭ͘ϰϴ
Ϯ Ϯϱ ƉƌϭϵϵϭͲDĂƌϮϬϭϴ ƉƌͲĞƐϮϬϭϴ ϵƵůĂŶ Ϭ͘Ϯϵ
ϯ Ϯϱ :ƵůϭϵϵϭͲ:ƵŶϮϬϭϴ :ƵůͲĞƐϮϬϭϴ ϲƵůĂŶ Ϭ͘ϰϵ
ϭ Ϯϲ :ĂŶϭϵϵϭͲĞƐϮϬϭϳ :ĂŶͲĞƐϮϬϭϴ ϭϮƵůĂŶ Ϭ͘ϴϭ
Ϯ Ϯϲ ƉƌϭϵϵϬͲDĂƌϮϬϭϴ ƉƌͲĞƐϮϬϭϴ ϵƵůĂŶ Ϭ͘ϰ









ϭ Ϯϳ :ĂŶϭϵϵϬͲĞƐϮϬϭϳ :ĂŶͲĞƐϮϬϭϴ ϭϮƵůĂŶ Ϭ͘ϲϯ
Ϯ Ϯϳ ƉƌϭϵϴϵͲDĂƌϮϬϭϴ ƉƌͲĞƐϮϬϭϴ ϵƵůĂŶ Ϭ͘ϯ
ϯ Ϯϳ :ƵůϭϵϴϵͲ:ƵŶϮϬϭϴ :ƵůͲĞƐϮϬϭϴ ϲƵůĂŶ Ϭ͘ϯϮ
ϭ Ϯϴ :ĂŶϭϵϴϵͲĞƐϮϬϭϳ :ĂŶͲĞƐϮϬϭϴ ϭϮƵůĂŶ Ϭ͘ϲϴ
Ϯ Ϯϴ ƉƌϭϵϴϴͲDĂƌϮϬϭϴ ƉƌͲĞƐϮϬϭϴ ϵƵůĂŶ Ϭ͘ϰϳ
ϯ Ϯϴ :ƵůϭϵϴϴͲ:ƵŶϮϬϭϴ :ƵůͲĞƐϮϬϭϴ ϲƵůĂŶ Ϭ͘Ϯϰ
ϭ Ϯϵ :ĂŶϭϵϴϴͲĞƐϮϬϭϳ :ĂŶͲĞƐϮϬϭϴ ϭϮƵůĂŶ Ϭ͘ϲϰ
Ϯ Ϯϵ ƉƌϭϵϴϳͲDĂƌϮϬϭϴ ƉƌͲĞƐϮϬϭϴ ϵƵůĂŶ Ϭ͘ϰ
ϯ Ϯϵ :ƵůϭϵϴϳͲ:ƵŶϮϬϭϴ :ƵůͲĞƐϮϬϭϴ ϲƵůĂŶ Ϭ͘ϮϮ

GLSUHGLNVLPRGHOWHUVHEXWPDPSXPHPEHULNDQSUHGLNVLGHQJDQQLODL




 3UHGLNVL0RGHO XQWXN 9DULDVL7DKXQ
0RGHO 511/670 GHQJDQ SHUIRUPD WHUEDLN GDUL SHQJXMLDQ
VHEHOXPQ\D GLXML NHPEDOL XQWXNPHPSUHGLNVL ZDNWX \DQJ EHUEHGD
GHQJDQSDQMDQJZDNWXSUHGLNVL\DQJ VDPD EXODQ WDKXQSDGD
WDKXQ GDQ 3DGD SHPLOLKDQZDNWX SUHGLNVL XQWXN WDKXQ
GDQGLKLQGDULGDODPSHPEDKDVDQLQLNDUHQDSDGDVDDWGXD
WDKXQWHUVHEXWVHGDQJWHUMDGLNRQGLVL1LQRHNVWULP\DQJSDGDVXEEDE
VHODQMXWQ\D DNDQ GLEDKDV  'DWD WDKXQ LQSXW \DQJ GLEHULNDQ VHVXDL








7DEHO   0RGHO GHQJDQ SHUIRUPD WHUEDLN SUHGLNVL RXWSXW GHQJDQ
WDKXQ EHUEHGDPHQJJXQDNDQIXQJVLRSWLPDVL$GDP


















ϭ ϭϴ :ĂŶϮϬϬϬͲĞƐϮϬϭϳ :ĂŶͲĞƐϮϬϭϴ ϭϮƵůĂŶ Ϭ͘ϳϵ
Ϯ ϭϴ :ĂŶϭϵϵϴͲĞƐϮϬϭϲ :ĂŶͲĞƐϮϬϭϳ ϭϮƵůĂŶ ϭ͘ϭϯ
ϯ ϭϴ :ĂŶϭϵϵϱͲĞƐϮϬϭϯ :ĂŶͲĞƐϮϬϭϰ ϭϮƵůĂŶ Ϭ͘ϱϲ
ϭ Ϯϱ :ĂŶϭϵϵϮͲĞƐϮϬϭϳ :ĂŶͲĞƐϮϬϭϴ ϭϮƵůĂŶ Ϭ͘ϰϴ
Ϯ Ϯϱ :ĂŶϭϵϵϭͲĞƐϮϬϭϲ :ĂŶͲĞƐϮϬϭϳ ϭϮƵůĂŶ Ϭ͘ϵϭ
ϯ Ϯϱ :ĂŶϭϵϴϴͲĞƐϮϬϭϯ :ĂŶͲĞƐϮϬϭϰ ϭϮƵůĂŶ ϭ͘ϭϱ
ϭ Ϯϲ :ĂŶϭϵϵϭͲĞƐϮϬϭϳ :ĂŶͲĞƐϮϬϭϴ ϭϮƵůĂŶ Ϭ͘ϴϭ
Ϯ Ϯϲ :ĂŶϭϵϵϬͲĞƐϮϬϭϲ :ĂŶͲĞƐϮϬϭϳ ϭϮƵůĂŶ ϭ͘Ϯϳ









ϭ Ϯϳ :ĂŶϭϵϵϬͲĞƐϮϬϭϳ :ĂŶͲĞƐϮϬϭϴ ϭϮƵůĂŶ Ϭ͘ϲϯ
Ϯ Ϯϳ :ĂŶϭϵϴϵͲĞƐϮϬϭϲ :ĂŶͲĞƐϮϬϭϳ ϭϮƵůĂŶ Ϭ͘ϳ
ϯ Ϯϳ :ĂŶϭϵϴϲͲĞƐϮϬϭϯ :ĂŶͲĞƐϮϬϭϰ ϭϮƵůĂŶ Ϭ͘ϴϴ
ϭ Ϯϴ :ĂŶϭϵϴϵͲĞƐϮϬϭϳ :ĂŶͲĞƐϮϬϭϴ ϭϮƵůĂŶ Ϭ͘ϲϴ
Ϯ Ϯϴ :ĂŶϭϵϴϴͲĞƐϮϬϭϲ :ĂŶͲĞƐϮϬϭϳ ϭϮƵůĂŶ Ϭ͘ϵϭ
ϯ Ϯϴ :ĂŶϭϵϴϱͲĞƐϮϬϭϯ :ĂŶͲĞƐϮϬϭϰ ϭϮƵůĂŶ Ϭ͘ϴϯ
ϭ Ϯϵ :ĂŶϭϵϴϴͲĞƐϮϬϭϳ :ĂŶͲĞƐϮϬϭϴ ϭϮƵůĂŶ Ϭ͘ϲϰ
Ϯ Ϯϵ :ĂŶϭϵϴϳͲĞƐϮϬϭϲ :ĂŶͲĞƐϮϬϭϳ ϭϮƵůĂŶ Ϭ͘ϵϭ
ϯ Ϯϵ :ĂŶϭϵϴϰͲĞƐϮϬϭϯ :ĂŶͲĞƐϮϬϭϰ ϭϮƵůĂŶ Ϭ͘ϳ

GXDPRGHO WHUVHEXW GDSDWGLOLKDW EDKZDPRGHO \DQJPHQJJXQDNDQ
IXQJVLRSWLPDVL$GDJUDGPHPLOLNLQLODL506(\DQJOHELKVWDELOGDODP
PHODNXNDQ SUHGLNVL GLEDQGLQJNDQ GHQJDQ PRGHO GHQJDQ IXQJVL
RSWLPDVL $GDP PHVNLSXQ QLODL 506( WHUHQGDK GLSHUROHK PRGHO
GHQJDQIXQJVLRSWLPDVL$GDPSDGDWDKXQGDQ
*DPEDU  3ORW506(SDGDWLJDPRGHOWHUEDLN XQWXNWDKXQ\DQJ
EHUEHGDEHGD
 3UHGLNVL0RGHO6DDW.RQGLVL(NVWULP
0RGHO 511/670 GHQJDQ SHUIRUPD WHUEDLN SDGD SHQJXMLDQ
VHEHOXPQ\DGLXMLNHPEDOLXQWXNPHPSUHGLNVLNRQGLVLNRQGLVLHNVWULP
(O 1LQR GDQ /D 1LQD 6DPD VHSHUWL SDGD SHQJXMLDQ VHEHOXPQ\D









7DEHO   0RGHO GHQJDQ SHUIRUPD WHUEDLN SUHGLNVL RXWSXW SDGD
NRQGLVLHNVWULPPHQJJXQDNDQIXQJVLRSWLPDVL$GDP
7DEHO   0RGHO GHQJDQ SHUIRUPD WHUEDLN SUHGLNVL RXWSXW SDGD
NRQGLVLHNVWULPPHQJJXQDNDQIXQJVLRSWLPDVL$GDJUDG
.HGXD PRGHO GHQJDQ IXQJVL RSWLPDVL $GDP DWDXSXQ $GDJUDG
PHPLOLNL QLODL 506( \DQJ FXNXS WLQJJL XQWXN PHPSUHGLNVL QLODL
DQRPDOLSDGDNRQGLVLHNVWULP(O1LQRGDQ/D1LQD-LNDGLOLKDWGDUL
VHJL QLODL 506(Q\D ELVD GLNDWDNDQ PRGHO NXUDQJ EDLN GDODP
PHPSUHGLNVLNDQ QLODL DQRPDOL 63/ SDGD NRQGLVL HNVWULP WHUVHEXW
0HVNLSXQGHPLNLDQPDVLQJPDVLQJPRGHOGHQJDQIXQJVLRSWLPDVLQ\D
PHPEHULNDQ KDVLO \DQJ EHUEHGD NHWLND PHODNXNDQ SUHGLNVL DWDX
SHQJJDPEDUDQSRODQRQOLQHDUGDULIOXNWXDVL63/SDGDNRQGLVL(O1LQR













ϭ ϭϴƚĂŚƵŶ ϭϵϵϲͲϮϬϭϰ ϮϬϭϱͲϮϬϭϲ ϭ͘Ϯϰ ůEŝŶŽ^ĂŶŐĂƚ<ƵĂƚ
Ϯ ϮϱƚĂŚƵŶ ϭϵϴϵͲϮϬϭϰ ϮϬϭϱͲϮϬϭϲ ϭ͘ϮϮ ůEŝŶŽ^ĂŶŐĂƚ<ƵĂƚ
ϯ ϮϲƚĂŚƵŶ ϭϵϴϴͲϮϬϭϰ ϮϬϭϱͲϮϬϭϲ ϭ͘Ϯϱ ůEŝŶŽ^ĂŶŐĂƚ<ƵĂƚ
ϭ ϭϴƚĂŚƵŶ ϭϵϵϭͲϮϬϬϵ ϮϬϭϬͲϮϬϭϭ ϭ͘ϳϯ >ĂEŝŶĂ<ƵĂƚ
Ϯ ϮϱƚĂŚƵŶ ϭϵϴϰͲϮϬϬϵ ϮϬϭϬͲϮϬϭϭ ϭ͘ϱϭ >ĂEŝŶĂ<ƵĂƚ









ϭ ϮϳƚĂŚƵŶ ϭϵϴϳͲϮϬϭϰ ϮϬϭϱͲϮϬϭϲ ϭ͘ϰϰ ůEŝŶŽ^ĂŶŐĂƚ<ƵĂƚ
Ϯ ϮϴƚĂŚƵŶ ϭϵϴϲͲϮϬϭϰ ϮϬϭϱͲϮϬϭϲ ϭ͘ϰϵ ůEŝŶŽ^ĂŶŐĂƚ<ƵĂƚ
ϯ ϮϵƚĂŚƵŶ ϭϵϴϱͲϮϬϭϰ ϮϬϭϱͲϮϬϭϲ ϭ͘ϯϲ ůEŝŶŽ^ĂŶŐĂƚ<ƵĂƚ
ϭ ϮϳƚĂŚƵŶ ϭϵϴϮͲϮϬϬϵ ϮϬϭϬͲϮϬϭϭ ϭ͘ϭϳ >ĂEŝŶĂ<ƵĂƚ
Ϯ ϮϴƚĂŚƵŶ ϭϵϴϭͲϮϬϬϵ ϮϬϭϬͲϮϬϭϭ ϭ͘ϭϮ >ĂEŝŶĂ<ƵĂƚ
ϯ ϮϵƚĂŚƵŶ ϭϵϴϬͲϮϬϬϵ ϮϬϭϬͲϮϬϭϭ ϭ͘ϮϮ >ĂEŝŶĂ<ƵĂƚ

VHSHUWL SDGD JDPEDU  6HPHQWDUDPRGHO GHQJDQ IXQJVL RSWLPDVL
$GDJUDG VHGLNLW OHELK EDLN GDODP PHPSUHGLNVL SROD QRQ OLQHDU



















6HWHODK GLODNXNDQ SHQJXMLDQ SDGD 0RGHO 511/670 PRGHO




LQSXW   GDQ  WDKXQ VHUWD PRGHO GHQJDQ IXQJVL RSWLPDVL
$GDJUDGPHQJJXQDNDQ LQSXW   GDQ  WDKXQ DNDQ GLJXQDNDQ
XQWXNPHPSUHGLNVLQLODLDQRPDOL63/XQWXNWDKXQ .HPXGLDQ








WDKXQ  .HGXDPRGHOGHQJDQ IXQJVL RSWLPDVL EHUEHGD WHUVHEXW
PHPLOLNL SROD \DQJ KDPSLU VDPD VHSHUWL SDGD EXODQ$SULO VDPSDL
GHQJDQ-XQLGLPDQDNHGXDPRGHO WHUVHEXWPHQDQJNDSDNDQDGDQ\D
NHQDLNDQQLODLDQRPDOL63/ODOXPXODLPHQXUXQGLEXODQ-XOLVDPSDL
GHQJDQ 2NWREHU NHPXGLDQ QLODL DQRPDOL 63/ QDLN NHPEDOL GDUL
2NWREHU KLQJJD 'HVHPEHU 0HVNL GHPLNLDQ PRGHO GHQJDQ IXQJVL
RSWLPDVL $GDP GDQ $GDJUDG PHPLOLNL EHVDUDQ QLODL \DQJ FXNXS
EHUEHGD 6HSHUWL SDGD PRGHO GHQJDQ LQSXW  WDKXQ \DQJ
PHQJJXQDNDQ IXQJVL RSWLPDVL $GDP LD PHPSUHGLNVL EDKZD SDGD
WDKXQ DNDQ WHUMDGL/D1LQDGHQJDQNRQGLVLPRGHUDW R&GL
EXODQ )HEUXDUL 6HPHQWDUD SDGD SUHGLNVL PRGHO ODLQQ\D WLGDN








GHQJDQ GDWD GXD EXODQ SHUWDPD -DQXDUL GDQ )HEUXDUL \DQJ WHODK
GLNHOXDUNDQ12$$%HUGDVDUNDQKDVLO SHUEDQGLQJDQPRGHOGHQJDQ
IXQJVLRSWLPDVL$GDPPRGHOGHQJDQLQSXWGDQWDKXQGDSDW
GLNDWDNDQ UHODWLI NXUDQJ EDLN GDODP PHQDQJNDS SROD GXD EXODQ
SHUWDPDSDGDEXODQ-DQXDULGDQ)HEUXDUL1DPXQPRGHOGHQJDQ

















ϭ :ĂŶƵĂƌŝϮϬϭϵ ͲϬ͘ϴϳ Ϭ͘ϴϱ ͲϬ͘ϵϮ Ϭ͘ϱϭ










ϭ :ĂŶƵĂƌŝϮϬϭϵ Ϭ͘ϯϴ ͲϬ͘ϭϲ Ϭ Ϭ͘ϱϭ








511/670 \DQJ GLEXDW GHQJDQ DUVLWHNWXU  +LGGHQ /D\HU \DQJ
WHUGLULGDUL QHXURQ/670SDGDPDVLQJPDVLQJ+LGGHQ/D\HUQ\D
\DQJNHPXGLDQGDSDWGLVLPSXONDQNH GDODPSRLQSRLQEHULNXW
 3HUIRUPDSUHGLNVL DQRPDOL63/1LQR XQWXNPRGHOGHQJDQ
IXQJVLRSWLPDVL$GDJUDG\DQJGLGDSDWNDQVHPDNLQEDLN\DQJ
GLVHEDENDQ ROHK GDWD LQSXW PRGHO VHPDNLQ EDQ\DN GHQJDQ
GLWDQGDL QLODL 506( \DQJ VHPDNLQ PHQJHFLO 6HPHQWDUD
PRGHO GHQJDQ IXQJVL RSWLPDVL $GDP PHPLOLNL
NHFHQGHUXQJDQ VHEDOLNQ\D GLGDSDWNDQ SHUIRUPD SUHGLNVL
VHPDNLQEHUNXUDQJGLVHEDENDQEDQ\DNQ\DGDWDLQSXWNHGDODP
PRGHO GHQJDQGLWDQGDLQLODL506(\DQJVHPDNLQPHPEHVDU
 3HUIRUPDSUHGLNVL DQRPDOL63/1LQR XQWXNPRGHOGHQJDQ
IXQJVL RSWLPDVL $GDJUDG \DQJ GLGDSDWNDQ VHPDNLQ EDLN
NHWLND ODPD ZDNWX \DQJ GLSUHGLNVL VHPDNLQ SHQGHN VHFDUD
OLQHDU6HPHQWDUDPRGHOGHQJDQIXQJVLRSWLPDVL$GDPGLUDVD





FXNXS EDLN GDODP PHQDQJNDS SROD QRQ OLQHDU WHWDSL
PHQJDODPL SHQXUXQDQ SHUIRUPD NHWLND PHPSUHGLNVL SDGD
WDKXQ  GDQ  +DO WHUVHEXW GLVSHNXODVLNDQ EDKZD
PRGHO OHELK EDLN GDODP PHPSUHGLNVL DQRPDOL 63/ SDGD
NRQGLVL OHPDK GLWDKXQ  WHWDSL NXUDQJ EDLN NHWLND

PHPSUHGLNVL DQRPDOL 63/ SDGD NRQGLVL PRGHUDW GLWDKXQ
GDQ
 0RGHO GHQJDQ IXQJVL RSWLPDVL $GDP GDQ $GDJUDG GLQLODL
NXUDQJEDLNGDODPPHPSUHGLNVLQLODLDQRPDOL63/ DWDXSXQ
SRODQRQOLQHDU SDGDNRQGLVL(O1LQRHNVWULPGLWDKXQ





























+HUFXODQR+RX]HO 6  7KH +XPDQ $GYDQWDJH $ 1HZ
8QGHUVWDQGLQJRI+RZRXU%UDLQV%HFDPH5HPDUNDEOH86$
0DVVDFKXVVHWV0,73UHVV
.LQJPD ' 3  $'$0 $ 0(7+2' )25 672&+$67,&
237,0,=$7,21DU;LY

.RN - 1  $UWLILFLDO ,QWHOOLJHQFH $57,),&,$/
,17(//,*(1&( '(),1,7,21 75(1'6 7(&+1,48(6
$1'&$6(6S
.UHQNHU $  $UWLILFLDO 1HXUDO 1HWZRUNV  0HWKRGRORJLFDO
$GYDQFHVDQG%LRPHGLFDO$SSOLFDWLRQV&URDWLD,Q7HFK
/H&XQ <  'HHS /HDUQLQJ 7KH PXOWLGLVFLSOLQDU\ QDWXUH RI
PDFKLQHLQWHOOLJHQFHSS







5VWXGLR  5 LQWHUIDFH WR .HUDV >2QOLQH@
$YDLODEOHDWKWWSVWHQVRUIORZUVWXGLRFRPNHUDV
5VWXGLR  5 LQWHUIDFH WR 7HQVRU)ORZ >2QOLQH@
$YDLODEOHDWZZZWHQVRUIORZUVWXGLRFRP




















































































































































































[BWUDLQBDUU  DUUD\GDWD   [BWUDLQBPDWUL[ GLP  
FQURZ[BWUDLQBPDWUL[
[BWUDLQBDUU  PDWUL[GDWD   [BWUDLQBYHF GLP  
FOHQJWK[BWUDLQBYHF
\BWUDLQBYHF ODJBWUDLQBWEOBQLQRVVWBQLQR
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\LQWHUFHSW VL]H FRORXU RUDQJHDOSKD 


JHRPBKOLQH\LQWHUFHSW    VL]H    FRORXU   RUDQJHUHG
DOSKD 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JHRPBKOLQH\LQWHUFHSW VL]H FRORXU UHGDOSKD 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JHRPBKOLQH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
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WH[WODEHO 6WURQJ[ DV'DWH\ 
VL]H FRORU EOXH
DQQRWDWHWH[WODEHO 9HU\6WURQJ[ DV'DWH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JHRPBSRLQWDOSKD DOSKDVL]H VL]H
WKHPHBWTEDVHBVL]H EDVHBVL]H
VFDOHBFRORUBWT
WKHPHOHJHQGSRVLWLRQ F
ODEV
WLWOH JOXH^LG`
[ \ 

UHWXUQJ
`

.RGH)RUPXOD506(
FDOFBUPVHBQLQR IXQFWLRQSUHGLFWLRQBWEO^
UPVHBFDOFXODWLRQ IXQFWLRQGDWD^
GDWD!
VSUHDGNH\ NH\YDOXH VVWBQLQR!
VHOHFWLQGH[!
ILOWHULVQDSUHGLFW!
UHQDPH
WUXWK DFWXDO
HVWLPDWH SUHGLFW
!
UPVHWUXWKHVWLPDWH
`
VDIHBUPVH SRVVLEO\UPVHBFDOFXODWLRQRWKHUZLVH 1$
VDIHBUPVHSUHGLFWLRQBWEOHVWLPDWH
`
